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
$EVWUDFW² &ROODERUDWLRQ WRZDUGV D JRDO LQYROYHV JURXSV RI
HQWLWLHV FROOHFWLYHO\ SRVVHVVLQJ FKDUDFWHULVWLFV UHTXLUHG WR
DFFRPSOLVK WKH JRDO )DFLOLWDWLQJ FROODERUDWLRQV LQ SHUYDVLYH
HQYLURQPHQWV UHTXLUHV WKH DXWRPDWHG IRUPDWLRQ RI VXFK
JURXSV7KHJURXS IRUPDWLRQSURFHVV LVHVSHFLDOO\FKDOOHQJLQJ
LQGHFHQWUDOLVHGHQYLURQPHQWVZKHUHWKHUHLVQRVLQJOHFHQWUDO
HQWLW\ WKDW FDQ FRRUGLQDWH WKH IRUPDWLRQ SURFHVV ,W LV DOVR
LPSRUWDQWWKDWWKHJURXSIRUPDWLRQPHFKDQLVPVDUHJHQHULFLQ
QDWXUH VR WKDW WKH\ FDQ EH XWLOLVHG LQ KHWHURJHQHRXV WDUJHW
HQYLURQPHQWV UHJDUGOHVV RI WKHLU GRPDLQ DQG UHTXLUHPHQWV
7KLVSDSHUSURSRVHVDJHQHULFDSSURDFKIRUDXWRPDWLQJJURXS
IRUPDWLRQLQGHFHQWUDOLVHGHQYLURQPHQWV
.H\ZRUGVDXWRPDWHG JURXS IRUPDWLRQ JURXS FROODERUDWLRQ
GHFHQWUDOLVHGFRPSXWLQJSHUYDVLYHHQYLURQPHQWV
, ,1752'8&7,21
:LWKWKHHPHUJHQFHDQGSRSXODULW\RISHUYDVLYHFRPSXWLQJ
DXWRPDWLRQ RI FROODERUDWLYH WDVNV LV EHFRPLQJ D UHDOLW\
$XWRPDWHG IRUPDWLRQ RI JURXSV RI HQWLWLHV FDSDEOH RI
DFFRPSOLVKLQJ WKH JRDOV LQ WKHVH FROODERUDWLYH WDVNV LV WKH
ILUVW VWHS LQ UHDOLVLQJ DXWRPDWHG FROODERUDWLRQV 6LQFH WKH
HQYLURQPHQW LQ FRQFHUQ LV D SHUYDVLYH HQYLURQPHQW WKH
FROODERUDWLRQ WDVNV FRXOG EH WULJJHUHG DQ\WLPH DQ\ZKHUH
ZLWKDQ\W\SHRIHQWLWLHV,QRWKHUZRUGVLWLVLPSRUWDQWWKDW
WKH*URXS)RUPDWLRQ *)PHFKDQLVPVDUHJHQHULFVR WKDW
LW FDQ EH DGRSWHG LQ DQ\ VLWXDWLRQ  7KHUHIRUH WKLV SDSHU
LQYHVWLJDWHVDQGSURSRVHVDJHQHULFVROXWLRQIRUDXWRPDWLQJ
GHFHQWUDOLVHG*)LQSHUYDVLYHHQYLURQPHQWV
0RVW*)DSSURDFKHV LQ WKH OLWHUDWXUH IRUPJURXSVEDVHG
RQ PHPEHU VLPLODULW\ >@>@>@ &RPSXWHU 6XSSRUWHG
&ROODERUDWLYH /HDUQLQJ &6&/ LV DQ DUHD ZKHUH FULWHULD
RWKHU WKDQ VLPLODULW\ DUH FRQVLGHUHG IRU WKH IRUPDWLRQ RI
OHDUQHUJURXSV+RZHYHU*)DSSURDFKHVLQ&6&/>@>@DUH
JHQHUDOO\ FHQWUDOLVHG 'XH WR WKH GHFHQWUDOLVHG QDWXUH RI
SHUYDVLYH HQYLURQPHQWV D VLQJOH HQWLW\ LV XVXDOO\ QHLWKHU
FDSDEOHRIFRRUGLQDWLQJ WKH*)SURFHVVQRUKDVDFRPSOHWH
YLHZ RI DOO WKH SRWHQWLDO JURXS PHPEHUV ,Q WHUPV RI
GHFHQWUDOLVHG*)QHWZRUNFOXVWHULQJDSSURDFKHV>@>@FDQ
EHLQVSLULQJLQWKHZD\WKH\IRUPLQWRJURXSVLQWKHDEVHQFH
RI FHQWUDOLVHG FRRUGLQDWLRQ %XW PRVW VXFK DSSURDFKHV
IRFXVRQIDLUO\VLPSOH*)FULWHULDDVWKHDLPLVWRSDUWLWLRQD
ODUJHQHWZRUNLQWRPDQDJHDEOHVL]HGSRUWLRQV>@
0RVW*)DSSURDFKHVDUHDSSOLFDWLRQVSHFLILF>@>@>@>@
EXW 0R3L'L* >@ LV RQH DSSURDFK WKDW HQDEOHV GRPDLQ
LQGHSHQGHQW*) LQZKLFKPRELOH KRVWV DUH JURXSHG EDVHG
RQWKHLUSURILOHV,WLVDOVRWKHFORVHVWDSSURDFKIRXQGLQWKH
OLWHUDWXUHIRUWKHW\SHRIGHFHQWUDOLVHG*)DGGUHVVHGLQWKLV
ZRUN 7KLV PHWKRG DFKLHYHV D JOREDO GHFHQWUDOLVHG *)
VROXWLRQEDVHGRQORFDOLVHGJURXSV+RZHYHU*)FULWHULDLQ
0R3L'L*DUHUHVWULFWHGLQWKHVHQVHWKDW*)LVEDVHGRQWKH
VLPLODULW\ RI PHPEHU SURILOHV 7KH REMHFWLYH RI WKH ZRUN
DGGUHVVHGLQWKLVSDSHULVWRSURSRVHDJHQHULFGHFHQWUDOLVHG
*)DSSURDFKWKDWGRHVQRWLPSRVHUHVWULFWLRQVRQ*)FULWHULD
VR WKDW LW FDQ EH XWLOLVHG WR IRUP JURXSV UHJDUGOHVV RI WKH
QDWXUHDQGWKHUHTXLUHPHQWVRIWKHWDUJHWHQYLURQPHQW
7KH UHVWRI WKHSDSHU LVRUJDQLVHGDV IROORZV6HFWLRQ ,,
GHVFULEHV WKHHQYLURQPHQWDQG UHTXLUHPHQWVDQG6HFWLRQ ,,,
SUHVHQWV WKH SURSRVHG *) FULWHULD VSHFLILFDWLRQ DQG WKH
SURSRVHGGHFHQWUDOLVHG*)DSSURDFKHV7KHSHUIRUPDQFHRI
WKH DSSURDFKHV LV GLVFXVVHG LQ 6HFWLRQ ,9 LQ WHUPV RI
VLPXODWLRQ UHVXOWV FRPSDULQJ WKH SURSRVHG DSSURDFKHV $
GLVFXVVLRQ LV SURYLGHG LQ 6HFWLRQ 9 DQG WKH SDSHU LV
FRQFOXGHGLQ6HFWLRQ9,
,, 352%/(063(&,),&$7,21
$ (QYLURQPHQW
7KH HQYLURQPHQW FRQVLGHUHG LQ WKLV ZRUN LV UHSUHVHQWHG
DVDQXQGLUHFWHGJUDSKܪ ൌ ሺܺǡ ܧሻZKHUHWKHVHWRIYHUWLFHVܺ UHSUHVHQW WKH SRRO RI LQGLYLGXDOV WKDW DUH SRWHQWLDO
PHPEHUV RI WKH IRUPHG JURXSV DQG WKH VHW RI HGJHVܧ ك ܺ ൈ ܺ UHSUHVHQW FRPPXQLFDWLRQ OLQNV EHWZHHQ
LQGLYLGXDOV $Q LQGLYLGXDO ݔ א ܺ KDV D VHW RI
QHLJKERXUV ௫ܰ ൌ ሼݕǣ ݕ א ܺ ר ሺݔǡ ݕሻǡ ሺݕǡ ݔሻ א ܧሽ ,W LV QRWHG
WKDW D QHLJKERXU RI ݔ LQ WKLV FDVH LV QRW QHFHVVDULO\
SK\VLFDOO\FORVHWRݔ
7KHLQGLYLGXDOVLQܺDUHH[SHFWHGWRIRUPLQWRJURXSV$OO
SRVVLEOH JURXSV DUH UHSUHVHQWHG E\ WKH VHW ܩ  (DFK
LQGLYLGXDO ݔ א ܺ LV PDSSHG WR D JURXS ݃ א ܩ E\ WKH
PHPEHUVKLS IXQFWLRQ݉ǣ ܺ ՜ ܩ  7KH VHW RI PHPEHUV RI D
JURXS ݃ א ܩ LV UHSUHVHQWHG E\ WKH VHW ܯ௚ ൌ ሼݔǣ ݔ אܺǡ݉ሺݔሻ ൌ ݃ሽ
)HDWXUHV DUH GHILQHG IRU WKH LQGLYLGXDOV E\ WKH XVH RI D
SDUWLDO IXQFWLRQݒ௙ǣ ܺ ՜ ௙ܸ IRU HDFK IHDWXUH ݂  ZKHUH ௙ܸ LV
WKHYDOXHVSDFHFRUUHVSRQGLQJWR݂
,Q RUGHU WR DVVLJQ DQ DJJUHJDWH IHDWXUH YDOXH
FRUUHVSRQGLQJ WR D JURXS݃  D SDUWLDO IXQFWLRQݒ௙כǣ ܩ ՜ ௙ܸ
FDOOHGWKHDJJUHJDWHIXQFWLRQLVGHILQHGIRUHDFKIHDWXUH݂
)RU HDFK FRQVLGHUHG IHDWXUH ݂  WKH IHDWXUH GLVWDQFH
EHWZHHQ WZR YDOXHVݒଵ DQGݒଶ LQ WKH FRUUHVSRQGLQJ YDOXH
VSDFH ௙ܸ LV GHILQHG E\ WKH IHDWXUH GLVWDQFH IXQFWLRQ JLYHQ
24978-1-4577-1676-8/11/$26.00 c©2011 IEEE
E\݀௙ǣ ௙ܸ ൈ ௙ܸ ՜ ሾͲǡͳሿ
$FRQVWUDLQWܿFRQVLVWVRIDIHDWXUH݂DQGDFRUUHVSRQGLQJ
VHW RI YDOXHV ௖ܸ ك ௙ܸ DQG FRQVWUDLQV WKH IHDWXUH݂ WR WKH
YDOXHV LQ WKH VHW  ௖ܸ  6DWLVIDFWLRQ RI D FRQVWUDLQW E\ DQ
LQGLYLGXDO LV GHILQHG E\ WKH FRQVWUDLQW VDWLVIDFWLRQ
IXQFWLRQ ݏ  ZKHUH ݏሺܿǡ ݔሻ ൌ ͳ LIݒ௙ሺݔሻ א ௖ܸ DQGݏሺܿǡ ݔሻ ൌͲRWKHUZLVH
,Q WKHFRQWH[WRI WKLVSDSHU LW LVDVVXPHG WKDW WKHVHWRI
LQGLYLGXDOVܺ LV IL[HG WKURXJKRXW ZKHUH QR DGGLWLRQV RU
UHPRYDOVWRRUIURPܺRFFXUDQGWKDWWKHIHDWXUHV ௜݂GHILQHG
RQHDFKݔDUHIL[HGIRUWKHHQWLUHSHULRGFRQVLGHUHG
% 5HTXLUHPHQWV
7KHPDLQJRDOLVWRHQDEOHWKHLQGLYLGXDOVWRIRUPRQHRU
PRUH JURXSV GHSHQGLQJ RQ *) FULWHULD DV GHVFULEHG LQ D
*URXS)RUPDWLRQ5HTXHVW*)5LQDGHFHQWUDOLVHGPDQQHU
7KH*)SURFHVV VKRXOG VDWLVI\ WKH IROORZLQJ UHTXLUHPHQWV
 (DFK LQGLYLGXDOݔ א ܺVKRXOG RQO\ H[FKDQJH PHVVDJHV
ZLWK LWV VHWRIQHLJKERXUV ௫ܰ 7KH*)DSSURDFKVKRXOG
EHGHFHQWUDOLVHG $Q LQGLYLGXDO VKRXOGEHDPHPEHURI
DWPRVWRQHJURXS7KHJURXSIRUPDWLRQSURFHVVVKRXOG
WHUPLQDWHDIWHUDILQLWHQXPEHURIPHVVDJHH[FKDQJHV$W
WKHHQGRIWKHJURXSIRUPDWLRQSURFHVVHDFKPHPEHURIWKH
IRUPHG JURXSVPXVW EH DZDUHRI WKHLU JURXSV DQG DOVR WKH
UHVW RI WKH PHPEHUV RI WKH JURXS  $OO IRUPHG JURXSV
VKRXOGPHHWWKHFULWHULDVWDWHGLQWKH*)5
,,, '(&(175$/,6('*5283)250$7,21
$ VSHFLILFDWLRQ IRU *) FULWHULD DQG PHFKDQLVPV IRU
GHFHQWUDOLVHG *) LV SURSRVHG LQ WKLV VHFWLRQ WR PHHW WKH
DERYHUHTXLUHPHQWV
$ *URXS)RUPDWLRQ&ULWHULD
$JURXS¶VFDSDELOLW\WRDFFRPSOLVKDJRDOGHSHQGVRQLWV
FKDUDFWHULVWLFV ZKLFK LQ WXUQ GHSHQG RQ WKH IHDWXUHV RI
JURXSPHPEHUV7KHUHIRUHWZRW\SHVRI*)FULWHULDWKDWDUH
EXLOWXSRQIHDWXUHVRIWKHLQGLYLGXDOVDUHGHILQHG
1HFHVVDU\&ULWHULD1HFHVVDU\FULWHULDDUHLQWURGXFHGWR
VSHFLI\ FKDUDFWHULVWLFV WKDW DUH FRPPRQ WR DOO JURXS
PHPEHUV 7KHVH FULWHULD PXVW EH VDWLVILHG E\ DOO JURXS
PHPEHUVDQGFDQEHGHILQHGHLWKHUE\VHWWLQJDFRQVWUDLQWRQ
WKH DOORZHG YDOXH IRU D IHDWXUH RU E\ VSHFLI\LQJ D VHW RI
IHDWXUHV WKDW VKRXOG EH VLPLODU DPRQJ JURXS PHPEHUV
GHILQLWLRQPHWKRGVDUHH[SODLQHGVKRUWO\
6SHFLDOLVW &ULWHULD6SHFLDOLVW FULWHULD DUH LQWURGXFHG WR
HQDEOHWKHIRUPDWLRQRIJURXSVLQZKLFKHDFKPHPEHUKDVD
XQLTXHIHDWXUH7KH\DUHGHILQHGXVLQJFRQVWUDLQWVVXFKWKDW
LQ WKH*)SURFHVVHDFKJURXSKDVDW OHDVWRQHPHPEHU WKDW
VDWLVILHVHDFKVSHFLDOLVWFRQVWUDLQW
7ZR PHWKRGV DUH SURSRVHG IRU GHILQLQJ WKH DERYH
FULWHULD
&RQVWUDLQWEDVHG GHILQLWLRQ ,Q FRQVWUDLQWEDVHG
GHILQLWLRQDFULWHULRQLVGHILQHGXVLQJDFRQVWUDLQWܿZKLFK
LV FKDUDFWHULVHG E\ WKH VHW RI DOORZHG YDOXHV ௖ܸ IRU D
SDUWLFXODUIHDWXUH݂7KLVPHWKRGFDQEHXVHGWRGHILQHERWK
W\SHVRIFULWHULD)RUQHFHVVDU\FULWHULD DOOPHPEHUVRI WKH
JURXSDUHH[SHFWHGWRVDWLVI\WKHQHFHVVDU\FRQVWUDLQWVܥ௡
ZKHUHDV IRU VSHFLDOLVW FULWHULD DW OHDVW RQH PHPEHU RI WKH
JURXSVKRXOGVDWLVI\HDFKRIWKHVSHFLDOLVWFRQVWUDLQWVܥ௦௣
6LPLODULW\EDVHG GHILQLWLRQ )HDWXUH VLPLODULW\ FDQ EH
XVHG WRGHILQHQHFHVVDU\ FULWHULD LQ FDVHVZKHUH WKH DFWXDO
IHDWXUH YDOXHV RI WKHPHPEHUV GRHV QRWPDWWHU DV ORQJ DV
WKHYDOXHVDUHVLPLODUDPRQJPHPEHUV$VHWRIIHDWXUHVܨ௦
WKDWDUHWREHVLPLODUDPRQJJURXSPHPEHUVDQGDWKUHVKROG
GLVWDQFH ݀௧௛ א ሾͲǡͳሿ ZKLFK LV XVHG DV D FXWRII YDOXH IRU
GHWHUPLQLQJVLPLODULW\DUHGHILQHG
7KHUHIRUHD*)5LQFOXGHVWKHVHWRIVLPLODUIHDWXUHVܨ௦
WKHWKUHVKROGGLVWDQFH݀௧௛WKHVHWRIQHFHVVDU\FRQVWUDLQWV
ܥ௡DQGWKHVHWRIVSHFLDOLVWFRQVWUDLQWVܥ௦௣
% 6SDQQLQJ7UHHEDVHG*URXS)RUPDWLRQ67*)
7KLV DSSURDFK DGRSWV D VSDQQLQJ WUHH VWUXFWXUH XVHG LQ
>@DVDPHDQVRISURSDJDWLQJLQIRUPDWLRQ)RUPDWLRQRID
VSDQQLQJ WUHH UHTXLUHV HDFK LQGLYLGXDO WUDQVPLWWLQJ RQH
URXQGRIPHVVDJHVWRHDFKRILWVQHLJKERXUV2QFHIRUPHG
LQIRUPDWLRQ FDQ EH SURSDJDWHG WKURXJK WKH QHWZRUN RI
LQGLYLGXDOV ZLWK HDFK LQGLYLGXDO UHFHLYLQJ RQO\ RQH
PHVVDJH $Q LQGLYLGXDO RQ UHFHLSW RI D *)5 FUHDWHV D
VSDQQLQJWUHHDQGIRUZDUGVLW WKURXJKWKHWUHH2QFHWKLVLV
UHFHLYHG E\ DOO QRGHV WKH OHDI QRGHV FKHFN WKH FULWHULD WR
GHWHUPLQHZKHWKHURUQRWWKH\FDQLQLWLDWHDJURXS
,QLWLDWLQJ D JURXS $Q LQGLYLGXDO LV DEOH WR LQLWLDWH D
JURXS LI DOO QHFHVVDU\ FRQVWUDLQWV DQG DW OHDVW RQH RI WKH
VSHFLDOLVWFRQVWUDLQWVDUHVDWLVILHG
,I D OHDI QRGHݔ LV DEOH WR LQLWLDWH D JURXS ݃  *URXS
,QIRUPDWLRQ ܩܫ௚  LV FRPSLOHG 7KLV FRQWDLQV LQIRUPDWLRQ
UHODWHGWR݃VXFKDVWKHDVVRFLDWHG*)5PHPEHUVWKHVHWRI
UHPDLQLQJ VSHFLDOLVW FRQVWUDLQWV  ܥ௦௣ǡ௚  ZKLFK LV UH
FDOFXODWHG DIWHU HDFK DGGLWLRQ WR WKH JURXS QHFHVVDU\
FRQVWUDLQWV ܥ௡ǡ௥  DJJUHJDWHG IHDWXUH YDOXHV RI WKH JURXS
DQGLQIRUPDWLRQDERXWVLPLODUIHDWXUHVܨ௦7KLVLQIRUPDWLRQ
LV VHQW WR WKH FRUUHVSRQGLQJ SDUHQW QRGHV (DFK QRQOHDI
QRGH PHUJHV DOO UHFHLYHG LQIRUPDWLRQ LQWR D &RPELQHG
*URXS,QIRUPDWLRQܥܩܫPHVVDJHDQGWULHVWRMRLQDJURXS
GHSHQGLQJRQ WKHVDWLVIDFWLRQRIFRQVWUDLQWVDQG WKH IHDWXUH
GLVWDQFHWRWKHJURXSV
)HDWXUH GLVWDQFH 7KH SURFHVV RI PHUJLQJ RU MRLQLQJ
JURXSV LV EDVHG RQ WKH IHDWXUH GLVWDQFHV EHWZHHQ JURXSV
DQG EHWZHHQ JURXSV DQG LQGLYLGXDOV ZLWK UHVSHFW WR WKH
VLPLODU IHDWXUHVܨ௦FRQWDLQHG LQ WKH*)5 )RU WKLV SXUSRVH
IRU HDFK IHDWXUH݂ א ܨ௦  D IHDWXUH GLVWDQFH IXQFWLRQ݀௙ DQG
DQDJJUHJDWHIXQFWLRQݒ௙כ JLYHQLQ6HFWLRQ,,$ LVGHILQHG
IRU HDFK *)5 E\ WKH WDUJHW HQYLURQPHQW )RU H[DPSOH
FRQVLGHU D QXPHULF IHDWXUH XVHU SUHIHUHQFH WKDW UHSUHVHQWV
WKH QXPHULF UDQN JLYHQ E\ DQ LQGLYLGXDO IRU D SDUWLFXODU
LWHP$WDUJHWHQYLURQPHQWPD\GHILQHWKHGLVWDQFHIXQFWLRQ
E\ WDNLQJ WKH QXPHULF GLIIHUHQFH EHWZHHQ WZR YDOXHV DQG
QRUPDOLVLQJLWWRWKHUDQJH>@DQGWKHDJJUHJDWHIXQFWLRQ
E\ WDNLQJ WKH DYHUDJH $OORZLQJ VXFK DSSOLFDWLRQVSHFLILF
GHILQLWLRQV PDNHV WKLV DSSURDFK JHQHULF HQDEOLQJ WKH
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SURSRVHG *) IXQFWLRQDOLW\ WR EH DGRSWHG XQLYHUVDOO\
UHJDUGOHVV RI WKH IHDWXUHV FRQVLGHUHG 7KH PHWKRG RI
GHILQLWLRQRIWKHVHIXQFWLRQVKRZHYHULVRXWRIWKHVFRSHRI
WKLV SDSHU 2QFH WKHVH IXQFWLRQV DUH GHILQHG IRU D JLYHQ
IHDWXUHWKHGLVWDQFHEHWZHHQWZRJURXSV݃ଵDQG݃ଶLVJLYHQ
E\݀௙ሺݒ௙כ ሺ݃ଵሻǡ ݒ௙כ ሺ݃ଶሻሻDQG WKHGLVWDQFHEHWZHHQDJURXS݃
DQG DQ LQGLYLGXDO ݔ LV JLYHQ E\ ݀௙ሺݒ௙כ ሺ݃ሻǡ ݒ௙ሺݔሻሻ  7KH
(XFOLGHDQ GLVWDQFH PHWULF LV XVHG WR REWDLQ WKH
FRUUHVSRQGLQJ FRPELQHG GLVWDQFHV݀ሺ݃ଵǡ ݃ଶሻ DQG ݀ሺ݃ǡ ݔሻ 
RYHUDOOIHDWXUHV݂ א ܨ௦
7KH FRPSLOHGܥܩܫLV WKHQ IRUZDUGHG WR WKH SDUHQW 7KLV
SURFHVV LV UHSHDWHG XQWLO WKH LQIRUPDWLRQ UHDFKHV WKH URRW
QRGHRIWKHVSDQQLQJWUHHZKLFKWKHQFRPELQHVHYHU\WKLQJ
WRJHWKHUDQG IRUZDUGV WKH ILQDOLVHGܥܩܫGRZQ WKH WUHH7KH
DOJRULWKPIRUWKLVSURFHVVLVJLYHQLQ)LJ
& )ORRGLQJEDVHG*URXS)RUPDWLRQ)*)
7KLV DSSURDFK LQYROYHV LQGLYLGXDOV IORRGLQJ WKHLU
QHLJKERXUV ZLWK SLHFHV RI LQIRUPDWLRQ $Q LQGLYLGXDO
PHUJHV HDFK UHFHLYHG QHZ SLHFH RI LQIRUPDWLRQ ZLWK
H[LVWLQJ LQIRUPDWLRQ ,I WKLV WULJJHUV D FKDQJH WR WKH
FRPSRVLWLRQRIDJURXSQHLJKERXUVDUHXSGDWHGE\IORRGLQJ
WKH XSGDWH )ORRGLQJ LV FRQWLQXHG XQWLO QR XSGDWHV DUH
WULJJHUHG E\ DQ\ LQGLYLGXDO ZKLFK PHDQV WKDW DQ RSWLPDO
VROXWLRQKDVEHHQUHDFKHG
:KHQ D SUHYLRXVO\ XQKDQGOHG *)5 LV UHFHLYHG E\ DQ
LQGLYLGXDO ݔ  D JURXS ݃ LV LQLWLDWHG LI ݔ VDWLVILHV WKH
FRQVWUDLQWV DV LQ67*)GHVFULEHG LQ6HFWLRQ ,,,% ,Q WKLV
FDVH D ܩܫ௚ PHVVDJH LV IRUZDUGHG WR DOO QHLJKERXUV
2WKHUZLVHWKHUHFHLYHG*)5LVIRUZDUGHG
7KH UHFHLYHGܩܫ௚ LV PHUJHG ZLWK DQ\ PDWFKLQJ H[LVWLQJ
JURXSV 7KHQ WKH LQGLYLGXDO FRQVLGHUV MRLQLQJ JURXS ݃ 
GHSHQGLQJRQIHDWXUHGLVWDQFHVRULQLWLDWLQJDQHZJURXS݃Ԣ
VHH6HFWLRQ,,,%$Q\XSGDWHVDUHQRWLILHGE\IORRGLQJWKH
QHLJKERXUV)LJFRQWDLQVWKHDOJRULWKPIRU)*)
' +\EULG*URXS)RUPDWLRQ+*)
7KLV LV D K\EULG RI WKH WZRPHWKRGV GHVFULEHG DERYH ,W
IROORZV WKHPHUJHDQGXSGDWH ORJLFRI)*)EXW LQVWHDGRI
IORRGLQJ PHVVDJHV XVHV D VSDQQLQJ WUHH DV LQ 67*) WR
IRUZDUGXSGDWHVWRSDUHQWDQGFKLOGQRGHV
( &RUUHFWQHVVRIWKHDOJRULWKPV
7KHVDWLVIDFWLRQRIWKHUHTXLUHPHQWVVWDWHGLQ6HFWLRQ,%
E\ WKH SURSRVHG DSSURDFKHV LV GLVFXVVHG LQ WKLV VHFWLRQ
5HTXLUHPHQWLVPHWE\DOODSSURDFKHVVLQFHLQ67*)DQG
+*)LQGLYLGXDOVH[FKDQJHPHVVDJHVZLWKDVXEVHWRIWKHLU
QHLJKERXUV LH SDUHQW DQG FKLOG QRGHV DQG LQ )*)
LQGLYLGXDOV H[FKDQJH PHVVDJHV E\ IORRGLQJ WKHLU
QHLJKERXUV)*)DQG+*)DUHGHFHQWUDOLVHGVLQFHDOOQRGHV
PDNH GHFLVLRQV LQGHSHQGHQWO\ DQG 67*) LV GHFHQWUDOLVHG
VLQFHWKHUHLVQRVLQJOHHQWLW\UHVSRQVLEOHRIGHFLVLRQVHDFK
QRGH¶V GHFLVLRQ GHSHQGV RQ GHFLVLRQV RI FKLOG QRGHV
7KHUHIRUH UHTXLUHPHQW  LV PHW E\ DOO DSSURDFKHV
5HTXLUHPHQW LVPHWE\67*)VLQFHHDFKQRGHFRQVLGHUV
MRLQLQJDJURXSRQO\RQFH)*)DQG+*)PHHWUHTXLUHPHQW
VLQFHDQLQGLYLGXDODOZD\VFKHFNVZKHWKHULWLVDOUHDG\D
PHPEHURIDJURXSEHIRUHMRLQLQJRQH,Q67*)DQG+*)
VSDQQLQJWUHHVDUHFUHDWHGE\HDFKQRGHE\IRUZDUGLQJRQH
VHW RI PHVVDJHV WR WKHLU QHLJKERXUV 67*) WDNHV WKUHH
SDVVHV RIPHVVDJHV WKURXJK WKH WUHH WR DFKLHYH D VROXWLRQ
)*)DQG+*)SURSDJDWHLQIRUPDWLRQXQWLOWKHUHDUHQRPRUH
XSGDWHV2QFHRQH LQGLYLGXDODFKLHYHVDQRSWLPDO VROXWLRQ
LW UHSODFHV DOO VXERSWLPDO VROXWLRQV WKURXJKRXW WKH SRRO
HQVXULQJ WKH WHUPLQDWLRQ RI PHVVDJH H[FKDQJH 7KHUHIRUH
UHTXLUHPHQW  LV PHW E\ DOO DSSURDFKHV 5HTXLUHPHQW  LV
1. Handle: GFR ࢘ received by individual ࢞
1.1. If has not handled ݎ before, 
1.1.1. If not already a member of a group and  ׊ܿ א ܥ௡Ǣ ݏሺܿǡ ݔሻ ൌ ͳ and ׌ܿ א ܥ௦௣Ǣ ݏሺܿǡ ݔሻ ൌ ͳ
1.1.1.1. Create new ܩܫ௚ and ܩܫ௚.add(ݔ) 
1.1.1.2. Store and forward ܩܫ௚
1.1.2. Else, 
1.1.2.1. Forward GFR 
2. Handle: ࡳࡵࢍreceived by individual ࢞
2.1. If ܩܫ௚is not stored 
2.1.1. Merge ܩܫ௚ with any matching stored ܩܫs 
2.1.2. If not already a member of a group and  ׊ܿ א ܥ௡Ǣ ݏሺܿǡ ݔሻ ൌ ͳ and ׌ܿ א ܥ௦௣Ǣ ݏሺܿǡ ݔሻ ൌ ͳ
2.1.2.1. If ׌ܿ א ܥ௦௣ǡ௚Ǣ ݏሺܿǡ ݔሻ ൌ ͳ and ݀ሺ݃ǡ ݔሻ ൑ ݀௧௛, 
2.1.2.1.1. ܩܫ௚.add(ݔ) 
2.1.2.1.2. Store and forward ܩܫ௚
2.1.2.2. Else 
2.1.2.2.1. Create new ܩܫ௚Ԣ and ܩܫ௚ᇱ.add(ݔ) 
2.1.2.2.2. Store and forward ܩܫ௚ᇱ
2.1.2.2.3. If ܩܫ௚ was modified, 
2.1.2.2.3.1. Store and forward ܩܫ௚
2.1.3. Else if ܩܫ௚ was modified, 
2.1.3.1. Store and forward ܩܫ௚
)LJXUH$OJRULWKPIRU)*)
1. Handle: GFR ࢘ received by individual ࢞
1.1. If initiator, 
1.1.1. Start spanning tree 
1.1.2. Forward GFR to child nodes 
1.2. Else if non-leaf node, 
1.2.1. Forward GFR to child nodes 
1.3. Else if leaf node, 
1.3.1. If ׊ܿ א ܥ௡Ǣ ݏሺܿǡ ݔሻ ൌ ͳ and ׌ܿ א ܥ௦௣Ǣ ݏሺܿǡ ݔሻ ൌ ͳ  
1.3.1.1.Create new ܩܫ௚ and ܩܫ௚.add(ݔ) 
1.3.1.2.Create new CGI and CGI.add(ܩܫ௚) 
1.3.1.3.Forward CGI to parent 
1.3.2. Else, 
1.3.2.1.Forward empty CGI to parent 
2. Handle: CGI received by individual ࢞  
2.1. If sender is child, 
2.1.1. Wait for all CGIs 
2.1.2. Merge CGIs 
2.1.3. If ׊ܿ א ܥ௡Ǣ ݏሺܿǡ ݔሻ ൌ ͳ and ׌ܿ א ܥ௦௣Ǣ ݏሺܿǡ ݔሻ ൌ ͳ, 
2.1.3.1.For each ܩܫ௚ in merged CGI, 
2.1.3.1.1.If ׌ܿ א ܥ௦௣ǡ௚Ǣ ݏሺܿǡ ݔሻ ൌ ͳ and ݀ሺ݃ǡ ݔሻ ൑ ݀௧௛, 
2.1.3.1.1.1.ܩܫ௚.add(ݔ) 
2.1.3.2.If ݔ is not grouped, 
2.1.3.2.1.Create new ܩܫ௚Ԣ and ܩܫ௚ᇱ.add(ݔ) 
2.1.3.2.2.CGI.add(ܩܫ௚ᇱ)  
2.1.4. Forward CGI to parent 
2.2. Else if sender is parent, 
2.2.1. Forward finalised CGI to child nodes 
)LJXUH$OJRULWKPIRU67*)
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PHW LQ 67*) VLQFH WKH LQLWLDWRU FRPSLOHV
LQIRUPDWLRQ DQG IRUZDUGV LW WKURXJK W
LQGLYLGXDOV 6LQFH PHVVDJH H[FKDQJH LV
DIWHU DOO LQGLYLGXDOV DFKLHYH WKH RS
UHTXLUHPHQW  LV PHW LQ )*) DQG +*) ,
UHTXLUHPHQW LVPHW LQDOOPHWKRGVVLQFH
RIDJURXSLVDOWHUHGRQO\DIWHUFRQVLGHULQJW
,9 3(5)250$1&((9$/8$
7R HYDOXDWH WKH SHUIRUPDQFH RI WKH
H[SHULPHQWDOO\ WKH DOJRULWKPV ZHUH UXQ
VLPXODWRU GHWDLOV QRW LQFOXGHG GXH WR VS
7KH WKUHHDSSURDFKHVZHUHFRPSDUHGDJDLQ
ZHOO DV DJDLQVW WKH DSSURDFK SUHVHQWHG LQ
+RZHYHUVLQFH0R3L'L*GRHVQRWVXSSRUW
*) LQ WKH WHVW UXQV ZKHUH WKH SURSRVHG
FRPSDUHGDJDLQVW0R3L'L*WKH*)5VDUHD
WKH\ FRQWDLQ RQO\ VLPLODULW\EDVHG FULWHUL
QXPHULF IHDWXUH ZDV XVHG ,Q WKH WHVW
SURSRVHG DSSURDFKHV DUH FRPSDUHG DJDL
*)5VZLWK IXOOIOHGJHGFULWHULDDUHXVHGD
IRUVLPLODULW\DQGDQRPLQDOIHDWXUHWRGHILQ
FRQVWUDLQWV7KHWHVWVZHUHSHUIRUPHGIRUSR
WR/DUJHUSRROVL]HVZHUHQRWVLPXODWHG
DLP RI WKLV HYDOXDWLRQ LV WR FRPSDUH WKH D
WKDQ HYDOXDWH WKH VFDODELOLW\ IRU ODUJHU
IROORZLQJSDUDJUDSKVGLVFXVVYDULRXVPHWUL
WKHGLIIHUHQW*)PHWKRGV
$FFXUDF\ RI WKH VROXWLRQ 7ZR PHWU
PHDVXUH WKHDFFXUDF\RI WKH VROXWLRQV IRUW
*)5V7KHFRPSOHWHQHVVLQGH[LVIRUPXODWH
WKDW LW UHIOHFWV WKH FORVHQHVV RI WKHPHPEH
DQG WKH VDWLVIDFWLRQ RI QHFHVVDU\ DQG VSHF
VWDWHGLQWKH*)57KHKLJKHUWKHLQGH[WK
WKH VROXWLRQ LV :KHQ WKH *)5 LV UHVWULFW
EDVHG FULWHULD WKH *) VROXWLRQ LV HVVHQWLD
FOXVWHULQJSUREOHP7REHVWSRUWUD\WKHDFFX
WKH5DQGLQGH[>@ZKLFKLVDPHDVXUHRI
GDWD FOXVWHULQJV LV DGRSWHG (DFK VROXWL
DJDLQVWDQRSWLPDOVROXWLRQWKDWLVDFKLHYHG
VDPH SRRO RI LQGLYLGXDOV LQ D FHQWUDOL
GHFHQWUDOLVHGPDQQHU7KHFORVHUWKH5DQG
PRUHVLPLODUWKHWZRFOXVWHULQJV
0HVVDJH WUDQVPLVVLRQ 7KH PHVVDJH
HYDOXDWHGLQWHUPVRIWKHQXPEHURIPHVVDJ
*)WLPH7KHGXUDWLRQIURPWKHUHFHLSWR
E\ DQ LQGLYLGXDO WR WKH FRPSOHWLRQ RI*)
*)WLPHRUݐீி$OWKRXJKݐீிGRHVQRWUHIOH
WLPH GXH WR WKH QDLYH DEVWUDFWLRQ RI
IXQFWLRQDOLW\ LQ WKH VLPXODWRU LW LV VWLOO D
FRPSDULQJWKH*)DSSURDFKHV
$ &RPSDULVRQDJDLQVWH[LVWLQJDSSURDFK
7KHSURSRVHG*)DSSURDFKHVDUHFRPSDUH
0R3L'L* LQ ZKLFK FDVH WKH *)5 LV FRQI
 WKH ILQDO JURXS
KH WUHH WR DOO
WHUPLQDWHG RQO\
WLPDO VROXWLRQ
W LV HQVXUHG WKDW
WKHFRPSRVLWLRQ
KHFULWHULD
7,21
*) DSSURDFKHV
LQ DQ LQKRXVH
DFH FRQVWUDLQWV
VWHDFKRWKHUDV
 0R3L'L* >@
FRQVWUDLQWEDVHG
 DSSURDFKHV DUH
GDSWHGVXFKWKDW
D IRU ZKLFK D
UXQV ZKHUH WKH
QVW HDFK RWKHU
QXPHULF IHDWXUH
HWKUHHVSHFLDOLVW
ROVL]HVIURP
VLQFHWKHPDLQ
SSURDFKHV UDWKHU
SRRO VL]HV 7KH
FVXVHGFRPSDUH
LFV DUH XVHG WR
KH WZR IRUPVRI
GLQVXFKDZD\
UV RI WKH JURXSV
LDOLVW FRQVWUDLQWV
HPRUHDFFXUDWH
HG WR VLPLODULW\
OO\ UHGXFHG WR D
UDF\RIVROXWLRQ
VLPLODULW\RIWZR
RQ LV FRPSDUHG
E\FOXVWHULQJWKH
VHG UDWKHU WKDQ
LQGH[LVWRWKH
WUDQVPLVVLRQ LV
HVVHQWSHUQRGH
IWKHLQLWLDO*)5
LV FRQVLGHUHG DV
FWWKHDFWXDO*)
FRPPXQLFDWLRQ
XVHIXO PHWULF LQ

GDJDLQVWWKDWRI
LJXUHG WR ILW WKH
SUREOHPDGGUHVVHG LQ0R3L'L*E\
WRVLPLODULW\EDVHGFULWHULD
)LJSRUWUD\VWKDWLQWHUPVRIP
LVEHWWHUSHUIRUPLQJ WKDQ0R3L'L*
RI)*)DQG+*)DUHZRUVH67*)
LQ WKLV FDVH LV DWWULEXWHG WR WKH IDF
SDVVHV WKURXJK WKH VSDQQLQJ WUHH I
6LQFH0R3L'L*QRGHVH[FKDQJHDG
LPPHGLDWH QHLJKERXUV LQ RUGHU WR
PHVVDJH WUDQVPLVVLRQ LV KLJKHU
XQGHUVWDQGDEO\ SHUIRUPV ZRUVH
H[FKDQJHVLQFHLWUHTXLUHVVHYHUDOU
SURSDJDWHG WKURXJK IORRGLQJ EHIRU
UHDFKHG ,Q WKLV FDVH WKH SURED
UHFHLYLQJ GXSOLFDWH PHVVDJHV LV
VLJQLILFDQWO\ EHWWHU PHVVDJH FRX
VSDQQLQJ WUHH WR IRUZDUG PHV
LQGLYLGXDOV IURP UHFHLYLQJ GXSOLFD
)LJXUH6HQWPHVVDJHVSHUQRGHIRUUHGX
)LJXUH7LPHWDNHQLQVLPXODWLRQIRUJU
FRQILJXUDWLRQRIFU
)LJXUH&RPSOHWHQHVVLQGH[IRUUHGXF
 OLPLWLQJ WKH*)FULWHULD
HVVDJHH[FKDQJH67)*
ZKLOH WKHSHUIRUPDQFH
¶V VXSHULRUSHUIRUPDQFH
W WKDW LW WDNHVRQO\ WKUHH
RU DFKLHYLQJ D VROXWLRQ
GLWLRQDOPHVVDJHVDPRQJ
 IRUP ORFDOLVHG JURXSV
WKDQ LQ 67*) )*)
LQ WHUPV RI PHVVDJH
RXQGVRIPHVVDJHVWREH
H DQ RSWLPDO VROXWLRQ LV
ELOLW\ RI DQ LQGLYLGXDO
YHU\ KLJK +*) KDV
QWV VLQFH LW XVHV WKH
VDJHV ZKLFK SUHYHQWV
WH PHVVDJHV EXW LV VWLOO

FHGFRQILJXUDWLRQRIFULWHULD

RXSIRUPDWLRQIRUUHGXFHG
LWHULD

HGFRQILJXUDWLRQRIFULWHULD
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ZRUVHWKDQ67*)DQG0R3L'L*VLQFHLWLVE
SULQFLSOHVDV)*)ZKHUHLQGLYLGXDOVFRQVWDQ
QHLJKERXUVGXULQJWKH*)SURFHVV
,QWHUPVRI*)WLPHDJDLQ67*)DQG+*
WKDQ0R3L'L*DVVHHQLQ)LJ$OWKRXJK)
DSRROVL]HRI WKDQ0R3L'L* IRUSRRO
SHUIRUPVZRUVH67*)DQG+*)DUHTXLFNH
GXH WR WKDW IDFW WKDWQRDGGLWLRQDO WLPH LVV
ORFDOLVHGJURXSV+RZHYHU)*)¶VSHUIRUP
GUDVWLFDOO\ZLWKWKHLQFUHDVHRISRROVL]HGX
LQVXERSWLPDOVROXWLRQVZKLFKJLYHVULVHWR
PHVVDJHV*) WLPH LQ WKHRWKHU WKUHH DSSU
VOLJKWO\ ZLWK WKH SRRO VL]H DV WKH WLPH WD
VSDQQLQJWUHHLQHDFKFDVHLQFUHDVHVZLWKWKH
)LJFRPSDUHVWKHDFFXUDF\RIWKHVROX
WKH5DQGLQGH[$OOWKUHHSURSRVHGDSSURDF
DVLPLODUO\KLJKSHUIRUPDQFHZKLOH0R3L'L
LV QRW PDWFKHG 7KH VLPLODULW\ RI WKH SHU
SURSRVHGDSSURDFKHVKHUHLVGXHWRWKHIDFW
LV UHGXFHG WR D FOXVWHULQJ SUREOHP ZK
VLPLODUO\ E\ DOO WKUHH DSSURDFKHV0R3L'L*
LV ZRUVH VLQFH WKHUH LV WKH SRVVLELOLW\ RI
EHLQJ LQFOXGHG LQJURXSVGXH WREHLQJXQD
ORFDOLVHGJURXS
% &RPSDULVRQRIWKHDSSURDFKHVDJDLQV
7RFRPSDUHWKH*)DSSURDFKHVD*)5LQ
FRQILJXUDWLRQ ZKLFK LQFOXGHV VLPLODULW\E
FRQVWUDLQWEDVHG*)FULWHULDLVXVHG)URP)
LW LV HYLGHQW WKDW LQ WHUPV RIPHVVDJH H[FK
*)WLPHWKH)*)PHWKRGSHUIRUPVZRUVH
WRWKHILQGLQJVLQWKHSUHYLRXVVXEVHFWLRQ7
IDFW WKDW )*) UHTXLUHV VHYHUDO URXQGV RI
SURSDJDWHG EHIRUH DQ RSWLPDO VROXWLR
)XUWKHUPRUH DV WKH SRRO VL]H JHWV ODUJHU
ZRUVH VLQFH VXERSWLPDO VROXWLRQV LQFUHDV
PRUH URXQGV RI PHVVDJHV *) WLPH LQ
VOLJKWO\ ZLWK WKH SRRO VL]H DV WKH WLPH WD
VSDQQLQJWUHHLQFUHDVHVZLWKWKHSRROVL]H
7RPHDVXUH WKH DFFXUDF\ LQ WKLV FDVH W
LQGH[ LV XVHG ,W LV VHHQ LQ )LJ  WKDW DO
PRUH DFFXUDWH IRU D SRRO VL]H RI  D
LQFUHDVHV WKH SHUIRUPDQFH IDOOV EHORZ WK
+*)7KLVLPSDLUPHQWLVGXHWRWKHIDFWWK
OLNHO\ WR UHMHFW DQ LQGLYLGXDOPRUH VXLWDEOH
JURXSDWDQHDUO\VWDJHRZLQJWRLWVKLHUDUFK
DFFXUDF\ RI )*) LV EHWWHU WKDQ WKDW RI
SUREDELOLW\ RI LQFOXGLQJ PRUH VXLWDEOH P
JURXSV LV KLJKGXH WR WKHZLGHU SHQHWUDWLR
DFKLHYHGWKURXJKIORRGLQJ
9 ',6&866,21
$FFRUGLQJWRDUJXPHQWVSURYLGHGLQ6HFWLR
WKDW DOO RI WKH*) DSSURDFKHV SURSRVHG LQ
WKHUHTXLUHPHQWV5HVXOWVLQ6HFWLRQ,9$S
LV VXSHULRU WR 0R3L'L* LQ DOO DVSHFWV Z
XLOWRQWKHVDPH
WO\XSGDWHVWKHLU
)SHUIRUPEHWWHU
*)LVTXLFNHULQ
VL]HV IURPLW
UWKDQ0R3L'L*
SHQWRQIRUPLQJ
DQFHLV LPSDLUHG
HWRWKHLQFUHDVH
PRUHURXQGVRI
RDFKHV LQFUHDVHV
NHQ WR EXLOG WKH
SRROVL]H
WLRQVLQ WHUPVRI
KHVVHHPWRKDYH
*¶VSHUIRUPDQFH
IRUPDQFH RI WKH
WKDWWKHSUREOHP
LFK LV KDQGOHG
¶V SHUIRUPDQFH
 LQGLYLGXDOV QRW
EOHRI IRUPLQJD
WHDFKRWKHU
WKHIXOOIOHGJHG
DVHG DV ZHOO DV
LJDQG)LJ
DQJH DVZHOO DV
ZKLFKLVVLPLODU
KLVLVGXHWRWKH
PHVVDJHV WR EH
Q LV UHDFKHG
 WKLV HIIHFW JHWV
H JLYLQJ ULVH WR
67*) LQFUHDVHV
NHQ WR EXLOG WKH
KH FRPSOHWHQHVV
WKRXJK 67*) LV
V WKH SRRO VL]H
DW RI )*) DQG
DW67*)LVPRUH
 IRU D SDUWLFXODU
LFDOQDWXUH7KH
+*) VLQFH WKH
HPEHUV LQ WKH
QRI LQIRUPDWLRQ
Q,,,(LWLVVHHQ
 WKLV SDSHUPHHW
RUWUD\WKDW67*)
KHQ WKH *)5 LV
FRQILJXUHGVRWKDWWKH*)SUREOHPL
SUREOHP DV DGGUHVVHG LQ 0R3L'
SHUIRUPVEHWWHULQWHUPVRIPHVVDJ
DQG+*)LQWHUPVRI*)WLPHLWLV
WKH ZRUVW SHUIRUPDQFH LQ WHUPV
VROXWLRQ ,Q WKH FRPSDULVRQ RI WK
DJDLQVW HDFK RWKHU LQ 6HFWLRQ ,9%
SHUIRUPLQJ LQ WHUPVRIPHVVDJH WUD
+RZHYHU WKHDFFXUDF\RI67*) LV
VL]HV +*) VHHP WR DFKLHYH DQ DF
)*)ZKLFKVHHPVWREHWKHPRVWD
PXFK TXLFNHU WLPH $OWKRXJK PH
+*) DUH QRW DV ORZ DV 67*
LPSURYHPHQWWRWKHSHUIRUPDQFHRI
$OO LQ DOO LW FDQ EH VHHQ WKDW )
JLYHVWKHPRVWDFFXUDWH*)VROXWLRQ
FRPHVDWDFRVWRIYHU\KLJKPHVVDJ
)LJXUH6HQWPHVVDJH
)LJXUH7LPHWDNHQLQVLPXODWLRQ
)LJXUH&RPSOHWHQH
VUHGXFHGWRDFOXVWHULQJ
L* $OWKRXJK 0R3L'L*
HWUDQVPLVVLRQWKDQ)*)
ZRUVHWKDQ+*)DQGKDV
RI WKH DFFXUDF\ RI WKH
H SURSRVHG DSSURDFKHV
 67*) LV VWLOO WKH EHVW
QVPLVVLRQDQG*)WLPH
 LPSDLUHG IRU ODUJHSRRO
FXUDF\ FORVHU WR WKDW RI
FFXUDWHVROXWLRQEXWLQD
VVDJHV VHQW SHU QRGH LQ
) LW LV D VLJQLILFDQW
)*)
*) LV WKH DSSURDFK WKDW
+RZHYHUWKLVDFFXUDF\
HWUDQVPLVVLRQUDWHVDQG

VSHUQRGH

IRUJURXSIRUPDWLRQ

VVLQGH[
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*)WLPHV7KHKLHUDUFKLFDO*)DSSURDFKIROORZHGLQ67*)
LPSDLUV LWV DFFXUDF\ EXW WKH XVH RI D VSDQQLQJ WUHH KDV
GUDVWLFDOO\ UHGXFHG WKHPHVVDJH WUDQVPLVVLRQ DQG*) WLPH
+*) ZKLFK LV D K\EULG DSSURDFK EHWZHHQ WKH RWKHU WZR
DFKLHYHVDQDFFXUDF\FORVHUWR)*)EXWDWDPXFKORZHUFRVW
RIPHVVDJH WUDQVPLVVLRQDQG*)WLPHDQGVHHPV WREH WKH
PRVWIDYRXUDEOHVROXWLRQLQJHQHUDO
9, &21&/86,21
,Q WKLV SDSHU WKUHH PHWKRGV DUH SURSRVHG IRU
GHFHQWUDOLVHG JURXS IRUPDWLRQ EDVHG RQ IHDWXUHV RI
LQGLYLGXDOV7KHHQYLURQPHQWLVDVVXPHGWREHVWDWLFZKHUH
QRFKDQJHVRFFXULQWKHSRRORILQGLYLGXDOV)HDWXUHVRIWKH
LQGLYLGXDOVDUHWDNHQDVWKHEDVLVWRGHILQH*)FULWHULDZKLFK
DUHLQFOXGHGLQDJURXSIRUPDWLRQUHTXHVW*)51HFHVVDU\
DQGVSHFLDOLVWFULWHULDDUHGHILQHGEDVHGRQHLWKHUFRQVWUDLQWV
VHW RQ IHDWXUH YDOXHV RU WKH VLPLODULW\ DPRQJ JURXS
PHPEHUV 7KH FRQVLVWHQF\ RI WKH IRUPHG JURXSV FDQ EH
YDULHGE\FKRRVLQJWKHDSSURSULDWHPHWKRGWRGHILQHFULWHULD
&RQVWUDLQWEDVHGGHILQLWLRQUHVXOWV LQJURXSVZLWKPHPEHUV
KDYLQJ IHDWXUH YDOXHV H[DFWO\ DV GHILQHG LQ WKH FULWHULD
ZKHUHDV VLPLODULW\EDVHG GHILQLWLRQ UHVXOWV LQ JURXSV ZLWK
PHPEHUVKDYLQJVLPLODUYDOXHVIRUWKHVSHFLILHGIHDWXUHV,I
D*)5LVGHILQHGXVLQJRQO\FRQVWUDLQWVRQO\RQHJURXSWKDW
VDWLVILHV WKH FRQVWUDLQWV LQ WKH *)5 ZLOO EH IRUPHG ZKLOH
WKH XVDJH RI RQO\ VLPLODULW\EDVHG FULWHULD HVVHQWLDOO\
FOXVWHUV WKH SRRO RI LQGLYLGXDOV   LQWR VHYHUDO JURXSV ZLWK
UHVSHFW WR WKH VLPLODU IHDWXUHV %\ XVLQJ D FRPELQDWLRQ RI
VLPLODULW\EDVHG DQG FRQVWUDLQWEDVHG FULWHULD D JURXS WKDW
VDWLVILHVWKHFRQVWUDLQWVLVIRUPHGIRUHDFKVLPLODULW\FOXVWHU
7KLVJLYHVULVHWRWKHIRUPDWLRQRIVHYHUDORIJURXSVHTXDOWR
WKH QXPEHU RI H[LVWLQJ FOXVWHUV ZLWK UHVSHFW WR WKH VLPLODU
IHDWXUHV
7KUHH DSSURDFKHV DUH SURSRVHG IRU JURXS IRUPDWLRQ
67*))*)DQG+*)DOORIZKLFKPHHWWKHUHTXLUHPHQWVRI
*)2ZLQJWRWKHKLHUDUFKLFDOQDWXUHRIWKH67*)DSSURDFK
LWLVEHVWVXLWHGLQVLWXDWLRQVZKHUHDTXLFNDQGOHVVPHVVDJH
FRVWO\*)VROXWLRQ LV VRXJKWDV ORQJDV WKHDFFXUDF\ LVQRW
WRR LPSRUWDQW )*)¶VPHUJHDQGXSGDWH ORJLF ZLWK WKH XVH
RI IORRGLQJ JLYHV D YHU\ DFFXUDWH EXW PHVVDJH DQG WLPH
FRVWO\ VROXWLRQ DQG WKHUHIRUH FDQ EH DGRSWHG LQ DFFXUDF\
FULWLFDOVLWXDWLRQV+*)XWLOLVHV WKHPHUJHDQGXSGDWH ORJLF
RI)*)WKDW\LHOGVDQDFFXUDF\FORVHUWRWKDWRI)*)EXWKDV
FXWGRZQWKHPHVVDJHH[FKDQJHDQG*)WLPHE\WKHXVHRID
VSDQQLQJWUHHJLYLQJWKHEHVWDOOURXQGSHUIRUPDQFH
7KHSURSRVHGDSSURDFKHVDUHJHQHULF LQ VXFKDZD\ WKDW
WKH\ DUH LQGHSHQGHQW RI WKH IHDWXUHV WKDW DUH WDNHQ DV WKH
EDVLVIRU*))HDWXUHVRIDQ\IRUPFDQEHXVHGDVDEDVLVIRU
*) DV ORQJ DV D GLVWDQFH IXQFWLRQ݀௙ DQG DQ DJJUHJDWH
IXQFWLRQݒ௙೔כ FDQ EH GHILQHG IRU HDFK IHDWXUH E\ WKH WDUJHW
HQYLURQPHQW GHILQLWLRQV RI WKHVH IXQFWLRQV DUH RXW RI WKH
VFRSHRIWKLVSDSHU
7KLV SDSHU DVVXPHV D VWDWLF HQYLURQPHQW ZKHUH QR
FKDQJHV RFFXU LQ WKH SRRO RI LQGLYLGXDOV +RZHYHU
G\QDPLFLW\ VXFK DV WKH DSSHDUDQFH RU GLVDSSHDUDQFH RI
LQGLYLGXDOVDVZHOODVFKDQJHVWRIHDWXUHYDOXHVLVSUHVHQWLQ
UHDOLW\ :RUN LV LQ SURJUHVV WR VWXG\ KRZ WKLV DIIHFWV WKH
IRUPHG JURXSV DQG WR GHILQH PHFKDQLVPV WR PDLQWDLQ WKH
IRUPHGJURXSVLQWKHSUHVHQFHRIG\QDPLFLW\
$&.12:/('*0(17
7KLVSDSHUGHVFULEHVZRUNXQGHUWDNHQ LQ WKHFRQWH[WRI
WKH,R7$SURMHFW ,R7$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